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Cover photo
The cover photo shows the paddy field in mountainous Fujian province, Southeast China. Fujian (means “Happy Establish-
ment”)1 is one of the country’s smaller provinces, on the southeastern coast of China. The province is also known historically
as Min, for the “seven Min tribes” that inhabited the area during the Zhou dynasty (1046–256 BCE). It was, however, dur-
ing the Song dynasty (960–1279 CE) that the name Fujian was given to a superprefecture created in the area and the basic
geographical boundaries of the province were established. Covering an area of approximately 123,100 square km, the Fujian
province is bordered by the provinces of Zhejiang to the north, Jiangxi to the west, and Guangdong to the southwest; the East
China Sea lies to the northeast, the Taiwan Strait (between the mainland and Taiwan) to the east, and the South China Sea to
the southeast. The Fujian province is traversed by several ranges of moderate elevation that constitute a part of a system of
ancient blocks of mountains trending from southwest to northeast, parallel to the coast although some narrow coastal plains
are prevailing towards the soth-eastern part of the province. Rivers are of great importance in Fujian, and have been the only
means of transport for centuries. Most of the rivers flow into estuaries that form natural harbours, and provide water supplies
for domestic consumption and irrigation of the myriad rice fields in the alluvial plains. The area is also characterized by several
mineral deposites which have been mined over centuries for mining of lead, zinc and copper deposits.
One of the most picturesque region in Asia, Fujian province is endowed with wooded hills and winding streams, orchards,
tea gardens, and terraced rice fields on the gentler slopes. Its major crops are sugarcane, peanuts (groundnuts), citrus fruit,
rice, and tea. Two crops of rice are harvested each year, the first in June, the second in September. After centuries of rice
cultivation, soils in the valley plains have been greatly modified. Well-developed gray-brown forest soils are widely distributed
in the forest areas of the interior mountains, whereas mature red soils are common in the low hills and on high terraces. Rice
is the staple food in China, and it has been estimated that rice ingestion contributes to about 60% of arsenic exposure from
food in China2.
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ABSTRACT: Millions of people globally are exposed to dangerous arsenic concentrations in groundwater-
derived drinking water sources. Arsenic mobilization in circum-Himalayan groundwater is widely attributed
to the reductive dissolution of iron minerals containing arsenic, although a number of questions remain the
fundamental mechanisms of this process. In a high resolution study site in Kandal Province, Cambodia, the
evolution of groundwater geochemistry was evaluated along dominant groundwater flowpaths in a heavily
arsenic-contaminated aquifer using a suite of geochemical tracers (e.g. As, Fe, SO4, δ18O, δ2H, 3H/3He, 14C) to
understand the processes which may contribute to arsenic mobilization in shallow, reducing aquifers typical to
Southeast Asia.
1 INTRODUCTION
Millions of people in South/Southeast Asia are chron-
ically exposed to groundwater containing dangerous
concentrations of geogenic arsenic, widely attributed
to reductive dissolution of iron minerals requiring
metal reducing bacteria (Islam et al., 2004) and
bioavailable organic matter. Fundamental questions
regarding the (bio)geochemical controls on this pro-
cess remain contentious and important in understand-
ing future secular changes in arsenic hazard (Harvey
et al., 2002; Polya & Charlet, 2009). We aim to
improve the understanding of the controls on arsenic
mobilization in a well-characterized shallow, reducing,
arsenic-affected aquifer in Cambodia.
2 METHODS/EXPERIMENTAL
2.1 Field area
The field sites located in an area heavily affected by
arsenic in Kien Svay (Kandal Province, Cambodia)
(Berg et al., 2007; Lawson et al., 2013; Polizzotto
et al., 2008; Polya et al., 2003; Sovann & Polya, 2014).
are oriented broadly parallel with major inferred
groundwater flowpaths along clay or sand-dominated
transects (Richards et al., 2017a), initially char-
acterized using electrical resistivity tomography
(Uhlemann et al., 2017).
2.2 Sample collection and analysis
Groundwater sample collection and inorganic geo-
chemical analysis was previously described (Richards
et al., 2017a). In brief, major and trace elements were
analyzed using inductively coupled plasma atomic
emission spectrometry (ICP-AES), inductively cou-
pled plasma mass spectrometry (ICP-MS) and ion
chromatography (Richards et al., 2017a); aqueous
organic matter was characterized using fluorescence
spectroscopy (Richards et al., under review and refer-
ences within); stable isotope (δD and δ18O) analyses
(Richards et al., 2018) using mass spectrometry tech-
niques (Donnelly et al., 2001); analysis of 3H, He and
Ne isotopes (Richards et al., 2017b) was conducted
(Sültenfuß et al., 2009) and apparent 3H-3He ages
were derived as previously described (Sültenfuß et al.,
2011); groundwater 14C-total organic carbon (TOC)
and 14C-total inorganic carbon (TIC) was prepared and
analysed with mass spectrometry (Xu et al., 2004).
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3 RESULTS AND DISCUSSION
Groundwater arsenic is highly heterogeneous and gen-
erally consistent with mobilization by reductive disso-
lution of iron (hydr)oxides (Richards et al., 2017a).
Stable isotope signatures indicate that high arsenic
groundwater can have differing recharge contributions
(Richards et al., 2018).Apparent 3H-3He ages indicate
most groundwaters are modern and a dominant verti-
cal hydrological control within the aquifer (Richards
et al., 2017b). The application of other tracers will
also be discussed. The combined information derived
from various tracers provides the conceptual frame-
work for improved understanding of the controls on
arsenic mobilization within the aquifer.
4 CONCLUSIONS
Various geochemical including isotopic tracers such
as As, Fe, SO4, δ18O, δ2H, 3H/3He, 14C and organic
matter fluorescence properties are used to understand
arsenic evolution within a shallow, reducing aquifer
in Cambodia. The suite of tracers allows increased
understanding of the dominant controls on ground-
water arsenic concentrations in this aquifer and the
results presented may be more widely applicable to
other similar arsenic-affected aquifers.
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